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Previewsmechanisms underlying neuronal differ-
entiation and specification.
Anticipating that iN technology also
works for human cells (which awaits con-
firmation), patient-specific iN cells might
provide a novel platform for disease
modeling and might also be a source for
cell-replacement therapies. This is in
principle already possible with iPSC strat-
egies. However, a major roadblock pre-
venting the clinical use of iPSCs for thera-
peutic transplantation is the danger of
transplanting single undifferentiated cell
clones prone to cancerous growth (Miura
et al., 2009). This substantial side effect of
iPSCs should be nonexistent in iN cells,
even though long-term transplantation
studies will have to formally show this. In
addition, it seems reasonable to specu-
late that the ‘‘trick’’ of conversion not
only works for neurons but also for many
other cell types such as liver or pancreas,
which could also be useful for disease
modeling or cell replacement.
The findings presented by Vierbuchen
et al. offer a novel technology and source
to generate neurons, but the real chal-lenge in replacing lost neurons in most
degenerative human diseases will be to
identify the mechanisms that regulate
and orchestrate the meaningful and func-
tional integration of transplanted cells, so
that replacing neurons can truly take over
the function of injured areas. In addition, it
could turn out that neuronal diversity even
within the same neuronal lineage, which
seems to be a cardinal feature of neuronal
circuitries at least in the primate brain,
cannot be achieved without context-
dependent cues that are missing in the
culture dish (Muotri and Gage, 2006). Be
that as it may, the study by Vierbuchen
et al. adds a novel and important piece
to the existing toolbox that will be instru-
mental to understanding and potentially
treating human neurological diseases.REFERENCES
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Establishing tissue-specific adult stem cells during organogenesis is important for maintenance of tissue
homeostasis throughout the lifetime of the organism. In a recent study in Science, Mathur et al. (2010)
describe how progenitor cells in the Drosophila larval midgut create a temporary niche to maintain stem
cell fate during development.Stem cells are generally thought to reside
in niches, or specialized local microenvi-
ronments, which prevent differentiation
(Fuller and Spradling, 2007). Although
both stem cells and their niches arise
duringdevelopment, themechanismsgov-
erning their specification are poorly under-
stood (Slack, 2008). In a recent report in
Science, theOhlstein lab provides an inter-
esting glimpse into this process in theDrosophila midgut by showing that stem
cell precursors (known as adult midgut
progenitors [AMPs]) specify their own tran-
sient ‘‘niche’’ (peripheral cells [PCs]) during
morphogenesis (Mathur et al., 2010).
The Drosophila adult midgut is an
epithelial monolayer composed of ab-
sorptive enterocytes (ECs) interspersed
with secretory enteroendocrine (ee) cells.
Although this tissue had long beenconsidered quiescent, groundbreaking
work in 2006 revealed that it is con-
stantly renewed by a pool of intestinal
stem cells (ISCs). ISCs divide asymmetri-
cally to produce both ISCs and daugh-
ters (enteroblasts [EBs]) that differentiate
into ECs or ee cells in a Notch-depen-
dent manner (Micchelli and Perrimon,
2006; Ohlstein and Spradling, 2006)
(Figure 1C).ll 6, March 5, 2010 ª2010 Elsevier Inc. 191
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Figure 1. Adult Midgut Progenitors Create a Short-Lived Niche that Determines Stem Cell
Fate
(A) Early in larval development, Delta-positive (Dl+) adult midgut progenitors (AMPs) self-renew and
disperse throughout the midgut. Later in larval development, founder AMPs divide asymmetrically to
generate peripheral cells (PCs), which express the Notch reporterGbe+ Su(H)LacZ and extend projections
that surrounds the AMP. The PC instructs the proliferating AMPs in the midgut imaginal island to
self-renew and represses their differentiation.
(B) During metamorphosis, PCs undergo apoptosis and their projections break down. As a result, AMPs
are released from the island and begin to differentiate. Approximately one AMP per island does not
undergo differentiation and is specified to become the future adult intestinal stem cell (ISC).
(C) Adult ISCs make extensive contact with the underlying basement membrane and divide asymmetri-
cally to produce enteroblast (EB) daughters. ISCs are multipotent stem cells, and their EB daughters
can be specified to become absorptive enterocytes (ECs) or secretory enteroendocrine (ee) cells.
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PreviewsAll of the epithelial cells in the adult
midgut arise from embryonic adult midgut
progenitors (AMPs) (Hartenstein and Jan,
1992; Jiang and Edgar, 2009). However,
as with most stem cell based-tissues,
the events accompanying the AMP to
ISC transition were not understood. Given
that Notch signaling specifies stem cell
daughter fates in the adult midgut (Ohl-
stein and Spradling, 2006; Ohlstein and
Spradling, 2007), Mathur et al. analyzed
the expression of the Notch pathway
ligand Delta, which marks adult ISCs,
and the Notch reporter Gbe+ Su(H)LacZ,
which marks enteroblasts, in the larval
midgut. In young larvae, AMPs proliferate
and disperse throughout the midgut (Fig-
ure 1A) and are detected as single Delta-
positive cells. However, Notch activity is
undetectable at this stage. In slightly older
larvae, AMPs typically stop dispersing
and produce clusters called midgut imag-192 Cell Stem Cell 6, March 5, 2010 ª2010 Einal islands (Figure 1A). Surprisingly, the
authors found that the AMP division
marking the initiation of cluster formation
is asymmetric: the founder AMP divides
to give rise to one daughter cell maintain-
ing Delta expression (and AMP identity),
whereas the other daughter cell extin-
guishes Delta and instead expresses the
Notch reporter. These Notch reporter-
positive cells exit the cell cycle and un-
dergo morphological changes revealing
their identity—peripheral cells.
Although PCs were described long ago
as cells extending processes that wrap
around clusters of AMPs (El Shatoury
and Waddington, 1957), their function
was not known. Mathur et al. find that
ectopic activation of Notch signaling in
AMPs directs them to become PC-like
cells, and removing Notch signaling from
AMPs during larval development prevents
them from dividing asymmetrically tolsevier Inc.generate PCs. Without PCs, AMPs differ-
entiate prematurely. Furthermore, RNA
interference (RNAi) against a BMP ligand
in PCs, or loss-of-function clones of
BMP pathway members in AMPs, results
in premature differentiation of AMPs.
Therefore, AMPs generate PCs, which
signal via BMP signaling to ensure that
AMPs remain undifferentiated until after
metamorphosis.
PCs may serve a structural role as well.
AMP clusters normally express high levels
of b-catenin, suggesting that cadherin-
mediated homotypic interactions be-
tween AMPs facilitate the formation of
AMP islands. EGFR signaling, which
promotes AMP proliferation during larval
development, may also upregulate cad-
herin levels in AMPs to trigger clustering
and inhibit their dispersion (Jiang and
Edgar, 2009). Without the formation of
PCs, AMP islands tend to merge. There-
fore, in addition to preventing AMP differ-
entiation, PCs may also inhibit AMP
islands from prematurely fusing before
metamorphosis.
Soon after the onset of metamorphosis,
PCsundergo apoptosis (Figure 1B). As the
PCs disintegrate, most AMPs begin ex-
pressing differentiation markers. Approxi-
mately one AMP per island, however,
retains markers characteristically found
in ISCs. This subset of AMPs is considered
the presumptive adult ISCs. Lineage anal-
ysis is needed to support this hypothesis
and may also reveal whether the AMPs
that initiate island formation are preferen-
tially specified to become ISCs.
The PC niche behaves similarly to the
well-characterized stem cell niches found
in the Drosophila ovary and testis, which
also require BMP signaling for stem cell
maintenance (Fuller and Spradling, 2007).
However, the PC is very different from
other described niches in many respects.
For example, in the Drosophila ovary or
testis, the stem cells divide asymmetri-
cally to produce a self-renewing daughter
attached to the niche, and a daughter that
moves away from the niche and conse-
quently differentiates (Fuller and Spra-
dling, 2007). Similarly, the basally located
ISCs orient their divisions perpendicularly
with respect to the basement membrane
so that the EB daughter will lie more
apically to the ISC (Ohlstein andSpradling,
2007). Conversely, the AMP divides
asymmetrically to create its own niche.
This niche in turn allows only symmetric
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PreviewsAMPdivisions thereafter, andmaintains all
daughter AMPs in an undifferentiated
state. Furthermore, it is necessary for the
PC niche to break down during metamor-
phosis in order for AMPs to differentiate
and establish ISCs. This contrasts with
the adult, in which it is imperative for the
niche to be maintained for the lifetime of
the organism in order to sustain tissue
homeostasis.
Several interesting questions arise from
this work. It is still not clear how the asym-
metric division of the founder AMP during
larval development occurs. A founder
AMP dividing asymmetrically to produce
a PC is reminiscent of an adult ISC di-
viding asymmetrically to generate an EB
daughter. Even though the outcomes are
very different— the larval AMP creates
its own niche, whereas the adult ISC
produces a differentiating daughter—the
mechanism of asymmetric cell-fate spec-
ification may be the same. The dramatic
difference in Delta content between the
founder AMP and the pre-PC may arise
by asymmetric Delta segregation or (asoccurs in the adult midgut ISCs and their
pre-EBs) by rapid downregulation of Delta
in the PC after mitosis.
Furthermore, it remains to be seen what
signal initiates the compulsory breakdown
of the PC niche to allow AMP differentia-
tion at the appropriate developmental
time during metamorphosis. Steroid hor-
mones are highly conserved regulators
of development, and the insect steroid
hormone ecdysone plays a pivotal role in
embryogenesis, larval molting, and meta-
morphosis (Li and White, 2003). Because
pulses of ecdysone during development
elicit the major developmental transitions
of the fly including gut remodeling, it is
interesting to speculate whether these
drastic changes in ecdysone signaling
may be responsible for triggering these
events.
The findings of Mathur et al. reveal a
new mechanism whereby stem cell pro-
genitors take an active role in creating
their own niche to establish stem cell fate.
A deeper understanding of how niches
are established during development willCell Stem Ceprobably provide valuable insight into
the origin of tissue-specific stem cells
during organogenesis.REFERENCES
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